The antibiotic β-indomycinone was isolated from Streptomyces sp. IFM11607 by cytotoxicity-guided fractionation against human gastric adenocarcinoma AGS cells, and the geometry of its Δ 17,18 -double bond was revised from E to Z based on the coupling constant.
In our studies to identify bioactive compounds from actinomycetes [1] , we recently obtained a number of new heterocyclic natural products with various bioactivities including Wnt signal inhibitory [2] and TRAIL resistance-overcoming [3] activities. Further screening studies of more than 1200 strains of our actinomycete assembly led to the detection of a strain Streptomyces sp. IFM11607, which exhibited potent cytotoxicity against human gastric adenocarcinoma AGS cells. Cytotoxicity-guided fractionation of an extract of this strain resulted in the isolation of three pluramycin class antibiotics (1-3) ( Figure 1 ). Streptomyces sp. IFM11607 was isolated from a soil sample collected at Isawa town, Yamanashi Prefecture, and the EtOAcsoluble fraction of the cultured broth of this strain exhibited 24% cell viability at 10 μg/mL. A large-scale culture using liquid Waksman media (0.75L x 15) was carried out for 5 days at 28°C and was subsequently separated into a supernatant and mycelia by centrifugation. The EtOAc extract of the supernatant was subjected to silica gel and Sephadex LH-20 column chromatography to obtain β-indomycinone (1) [4] , saptomycin A (2) [5] , and rubiflavinone C-1 (3) [4] , all of which were identified by comparisons with published spectral data [4] [5] .
Previous studies [4, 6] reported that β-indomycinone (1) had an Edouble bond at the C17-C18 position, although the coupling constant (J 17,18 ) was described as 11.1 Hz [4] . The 1 H NMR spectral data of β-indomycinone (1) that we isolated here were identical with those described in the literature (Table 1) , including the coupling constant (J 17,18 =11.0 Hz). Since this J-value indicated that the Δ 17,18double bond was Z, we reexamined the Δ 17,18 -double bond geometry of 1 using NOE and homo-decoupling experiments.
In the NOE experiment on 1, irradiating the methyl protons on C-19 (H 3 -19, δ H 1.62) enhanced the signals of H 2 -16 (δ H 2.90 and 2.75) and H-18 (δ H 5.70). In the homo-decoupling experiment on 1, irradiation of H 3 -19 (δ H 1.62) led to a shape change in the H-18 (δ H 5.70) signal from a multiplet (doublet of quartets) to a doublet, which indicated that the J-value between H-17 and H-18 was 11.0 Hz. These results clearly demonstrated that the geometry of the C17-C18 double bond of 1 was Z. β-Indomycinone (1) was found to exhibit cytotoxicity against human gastric adenocarcinoma (AGS) cells with an IC 50 value of 13.2 μM, while 1 had almost no effect on cell viability of the colon cancer cell lines SW480, DLD1, HCT116, and RKO, and human embryonic kidney 293 cells ( Table 2 ). Compound 1 also exhibited inhibition of TCF/β-catenin transcriptional activity (TOP activity) with an IC 50 value of 20.6 μM based on the cell-based luciferase assay using STF/293 cells [7] . Compounds 2 and 3 also showed cytotoxicity against AGS cells with IC 50 values of 5.7 and 8.8 μM, respectively, although both contained a small quantity of fatty acidrelated impurity detected from 1 H NMR spectra. 
Experimental
Microbial strain and fermentation: Streptomyces sp. IFM11607 was separated on humic acid-vitamin (HV) agar [8] , a medium for the selective isolation of actinomycetes, from a soil sample collected at Isawa town, Yamanashi Prefecture, Japan, as described previously [9] . It was identified as Streptomyces sp. and deposited at the Medical Mycology Research Center, Chiba University, Japan with the code number IFM11607. The spores of this strain were kept in a freezer in a 15% glycerol solution, grown on solid Waksman medium containing agar for 3-5 days, transferred to a flask (500 mL), and inoculated into 100 mL of a Waksman medium consisting of glucose (2 g/100 mL), meat extract (0.5 g/100 mL), peptone (0.5 g/100 mL), dried yeast (0.3 g/100 mL), NaCl (0.5 g/100 mL), and CaCO 3 (0.3 g/100 mL). The mixture was then cultured at 28°C for 4 days on a reciprocating shaker. The seed culture (20 mL) was transferred into 15 flasks (3 L) containing 750 mL of the Waksman medium and cultured at 28°C for 5 days on the reciprocating shaker.
Extraction and isolation:
The culture broth (11.3 L in total) of Streptomyces sp. IFM11607 was harvested and centrifuged (3,000 rpm, 30 min.) to separate mycelia and the supernatant. The supernatant was extracted with EtOAc (500 mL x 3) to give the EtOAc-soluble fraction (2.7 g). The EtOAc-soluble fractions of the supernatant were subjected to silica gel CC (φ28 x 300 mm) eluted stepwise with CHCl 3 :MeOH (1:0, 95:5, 9:1, 85:15, 8:2, 7:3, 1:1, and 0:1) to give 25 fractions, 1A to 1Y. Fraction 1K (72 mg) was subjected to silica gel CC (φ23 x 160 mm), which was eluted with n-hexane/EtOAc (1:0, 7/1, 6/1, 5/1, and 1/0) to give β-indomycinone (1, 4.1 mg) and saptomycin A (2, 1.4 mg). Fraction 1H (57 mg) was subjected to Sephadex LH20 CC (φ22 x 190 mm), eluted with CHCl 3 /MeOH (4/1), to give rubiflavinone C-1 (3, 5.5 mg).
Viability assay: AGS cells were seeded in a 96-well culture plate (6 × 10 3 cells per well) in 200 µL of RPMI medium containing 10% FBS, and then incubated at 37°C in a 5% CO 2 incubator for 24 h, while SW480, DLD1, HCT116, RKO, and 293 cells were incubated in DMED containing 10% FBS in a 96-well plate (6 × 10 3 cells per well) for 24 h. Test samples at different doses were added to each well and incubated for 24 h. The assay sample was stored as a DMSO solution, then diluted to the indicated concentrations with medium. The final concentration of DMSO was less than 0.1%, v/v. They were treated with fluorescein diacetate (Wako) in PBS buffer (10 μg/mL), and, fluorescence was then detected after a 1-h incubation [10] . Assays were performed at least in triplicate. IC 50 values were calculated by probit analysis.
Luciferase assay: Stable reporter cells, STF/293 cells (3 x 10 4 ), provided by Dr Jeremy Nathans (John Hopkins University School of Medicine), were split into 96-well plates and treated with the compound and LiCl (final concentration: 15 mM). After 24 h incubation, the cells were lysed with CCLR (20 μL/well cell culture lysis reagent; 20 μL/well, Promega), and luciferase activity was measured with a Luciferase 1000 Assay System (Promega, Madison, WI, USA). Luciferase chemiluminescence was measured using a Luminoskan Ascent (Thermo, Waltham, MA, USA). Samples were prepared as described above. Assays were performed in triplicate, at least. IC 50 values were calculated by probit analysis [7] .
